Relatively efficient and precise quantum molecular dynamics simulations were performed to gain fundamental insights into the mechanisms for the primary detonation process of water under shock wave loading using self-consistent charge density-functional tight binding (SCC-DFTB) calculations combined with the multiscale shock technique (MSST) as well as DFTB+ program conjunct with MSST. We observe that water achieves chemical equilibrium in less than 4ps for all shock conditions studied. What's more, we make comparison with the experimental results for the Hugoniot pressure and density final states. At last, our simulations show that decomposition occurs through the reversible H 2 O↔H + +OH -, in agreement with experiment. Therefore, the molecular dynamics method of water under extreme conditions is effective.
Introduction
In recent years, the nature of water under extreme conditions has gradually been widely concerned. For example, subcritical water and supercritical water can be used as clean and efficient reaction medium or reactant. [1] In spite of intense experimental research [2] , the coverage of the nature of water under high temperature and pressure is still rarely. Diamond anvil cell experiments have successfully studied the state of water under high pressure and low temperature, as well as the melting line of compressed ice under lower pressure and high temperature. However, the thermodynamic state, which can't be accessible in DAC experiments, can be obtained by shock compression. Previous report has showed that shock can induce melting and freezing of ices at relatively low pressures. What's more the pressures can conduct up to 790GPa with laser driven shock compression on liquid water. [3] However, it has been showed that the temperatures deduced by equation of state models can overestimate that measured in the shock compression experiments by approximately 17%. [4] In addition, the chemical mechanisms for ionic transport in shock compressed water still have differences. Shock compression experiments on water have showed that charge transport comes up through diffusion of H + ions, created by a unimolecular dissociation mechanism, H 2 O↔H + +OH - [5] . On the contrary, it has been predicted in not shocked simulations that proton is produced through a bimolecular dissociation mechanism, 2H 2 O↔OH -+H 3 O + . [6] Thus, for the reason of high cost of the experiments under extreme conditions, experiments can benefit from the molecular dynamics simulations.
Computational Details
Recently, it has been extremely difficult to obtain a clear theoretical mechanism of chemistry behind shock fronts because of the large system size required for shock simulation. [7] Empirical [8] and tight-binding [9] simulations have been successfully applied to several reactive systems of shock compression. In molecular dynamics simulations, it is commonly to adopt quantum theory to simulate chemical reactions accurately such as density functional theory (DFT) [10] , Density function based tight binding(DFTB) [11] and so on. Since the DFTB method would be faster a couple of orders of magnitude than DFT, it is more suitable for lager systems.
The non-equilibrium molecular dynamics (NEMD) can reveal a lot of microscopic details of shock wave structure. [12] However, the scale of simulation must meet the requirements of real-scale which also depends on the speed of shock wave. The multiscale shock technique (MSST) [13] is a simulation method based on Navier-Stokes equations for compressive flow. The computational cell could be simulated with fewer atoms and lower computational cost by following a Lagrangian point through the shock wave. [14] Currently, the molecular dynamics method based on MSST have been applied in HMX [15] , TATB [16] , and graphite [17] and so on. In this work we report DFTB-MD simulation of the shock Hugoniot of water, using MSST module in LAMMPS [18] in conjunction with DFTB+ [19] 0 and δ=90 0 . The direction of uniaxial compression should be along the a lattice vector. For all simulations, a fictitious box mass was set to 3.5×10 6 a.u. and a wave function convergence criteria was set to 10 -6 a.u.
Results and Discussion
At 7.5 and 8 km/s, the chemical equilibrium was observed 4 ps after shock compression. When the speed increases up to 8.7 km/s, the time of chemical equilibrium dropped to approximately 3 ps (Fig.1) . At the conditions of this speed, atomic oxygen was observed to form approximately after 1 ps. At a shock velocity of 11 km/s, the chemical equilibrium, such as temperature and density, of system could be achieved in 2 ps after shock compression. As shown in Figure 4, [20] as shown in Figure (b) , the squares correspond to our DFTB-MD results, the triangles are experimental results from Walsh et al. [21] and the circles are from Mitchell. [22] Our results provide validation of DFTB-MSST with the generalized gradient approximation equation of state over a wide range of pressures (approximately 10-69 GPa). The results for the species concentrations and lifetimes are shown in Figure 3 . At 20.5 GPa (6.5km/s) we largely observe reversible unimolecular dissociation in spite of the existence of a small amount of H 3 O + after shock compression. As we compress to 44. 
+OH
-dominates with our bond distance cutoff.
Summary
All simulations of water under shock loading were performed by our own code, which is utilized the SCC-DFTB from DFTB+ code in conjunction with the MSST from LAMMPS program. Our DFTB-MD simulations show agreement with experimental results for shock Hugoniot pressures, temperatures, and densities. Our results provide validation of DFTB with the generalized gradient approximation for the equation of water at extreme conditions. Determination of the chemical reactions in our simulations indicates that a unimolecular dissociation mechanism of H 2 O↔H + +OH -dominates along the shock Hugoniot.
